Multiparametric magnetic resonance imaging (MRI) of the prostate is a powerful and increasingly utilized imaging study for the diagnosis, staging, and surveillance of prostate cancer. With greater adoption by clinicians, it is becoming more common for incidental findings to be first detected on prostate MRI. Inadequate description of clinically significant findings may not prompt appropriate patient management, while over-reporting of indolent findings comes at increased patient anxiety, cost of workup, and iatrogenic risk. This review article aims to improve awareness, review pathophysiology, and present key imaging features of incidental findings seen on prostate MRI, ranging from common to rare and from benign to clinically significant.
Multiparametric magnetic resonance imaging (MRI) plays an increasingly important role in the diagnosis, staging, treatment planning, and active surveillance of prostate cancer. A recent study found incidental findings in 42% of 684 consecutive prostate MRI studies, where 6.6% of studies featured highly clinically significant incidentalomas [1] . Another study found incidental findings in 82% of 355 staging computed tomography of the abdomen and pelvis in patients with prostate cancer, where 21% of studies demonstrated clinically significant incidentalomas [2] . These incidental findings vary in clinical importance, ranging from benign and indolent to critical findings that may require further workup and affect patient management. The following pictorial essay aims to review both common and uncommon and benign and clinically significant, incidental findings encountered within our institution's prostate MRI experience.
MRI Protocol
Our institution's multiparametric MRI prostate protocol is performed on a 1.5T scanner with an 18-channel external body phase array coil in combination with an integrated spine array coil. Pulse sequences include small field of view triplanar T2-weighted, axial diffusion-weighted (b50, b1000, b1500), axial T1-weighted of the whole pelvis, and axial dynamic contrast-enhanced T1-weighted imaging with and without subtraction and centered on the prostate gland. Macrocyclic contrast agent gadobutrol is administered (0.1 mmol/kg body weight, injection rate 2 cc/s) for dynamic contrast-enhanced imaging. Endorectal coils and antispasmodics are not routinely used and not featured in the examples presented in this article.
Male Reproductive System

Prostatic Utricle Cyst
Prostatic utricle cysts are focal dilatations of the prostatic utricle, a small diverticulum of the prostatic urethra located at midline between the 2 openings of the ejaculatory ducts. Utricle cysts are associated with other genitourinary congenital abnormalities, including hypospadias, cryptorchidism, and ipsilateral renal agenesis [3] .
Prostatic utricle cysts are intraprostatic, arise from midline, and rarely extend beyond the upper border of the prostate. They are often less than 10 mm in diameter and classically described as pear-shaped. By definition, utricle cysts communicate with the urethra; however, this is not always visualized on imaging. On MRI, they demonstrate hyperintense T2 and hypointense T1 signal ( Figure 1 ). Heterogenous T1 hyperintensity can be seen in the setting of intracystic hemorrhage or infection.
Mullerian Duct Cyst
The Mullerian ducts are paired structures originating from embryonic mesoderm. In females, they form the fallopian tubes, uterus, and upper vagina, while they regress in males. Male Mullerian duct cysts form from the saccular dilatation of the Mullerian duct remnants.
Mullerian duct cysts also arise from the midline verumontanum of the prostate. In contrast to utricle cysts, Figure 1 . Prostatic utricle cyst. (A) Sagittal and (B) coronal T2-weighted images demonstrate a well-circumscribed midline cystic structure arising from the posterior aspect of the prostate (arrow). It demonstrates homogenous internal high T2 signal with layering T2 low signal representing hemorrhagic material. Note that utricle cysts rarely extend beyond the superior margin of the prostate; however, it remains difficult to definitely distinguish a utricle cyst from a small Mullerian duct cyst. Mullerian duct cysts are typically larger and extend beyond the superior border of the prostate. They are oval or teardrop in morphology and rarely communicates with the prostatic urethra. The MRI signal characteristics are identical to simple utricle cysts, appearing homogenously hyperintense on T2-weighted imaging ( Figure 2 ).
Seminal Vesicle Cyst
Cysts arising from the seminal vesicles may be acquired or congenital in origin. Acquired seminal vesicle cysts form from obstruction at the ejaculatory or excretory duct, such as in the setting of chronic infection, benign prostatic hyperplasia (BPH), and prostatic surgery. Congenital seminal vesicle cysts arise from atresia of the ejaculatory ducts and are associated with other upper urinary tract congenital abnormalities, including ipsilateral renal agenesis and autosomal dominant polycystic kidney disease [4] .
The majority of seminal vesicle cysts are small (<5 cm) well-circumscribed cystic lesions arising directly from the seminal vesicles [5] . They demonstrate hyperintense T2 and hypointense T1 signal, nearing simple fluid signal characteristics ( Figure 3 ). Variable increased T1 signal is seen with increasing hemorrhagic or proteinaceous cyst content.
Cowper's Duct Cyst
The Cowper or bulbourethral glands are accessory sexual organs that produce mucoid secretions for alkalization and lubrication with ejaculation. The paired Cowper glands are located in the urogenital diaphragm with ducts draining into the membranous urethra. Cowper's duct cysts may be congenital or acquired secondary to obstruction from infection or trauma.
The typical MRI appearance of a Cowper duct cyst is a cystic lesion at the posterior or posterolateral aspect of the 
Epididymal Cyst
Cysts of the epididymis are the most common scrotal lesion, present in 20e40% of asymptomatic patients on ultrasound [6] . Simple epididymal cysts arise from the lymphatic ducts and contain serous fluid. Retention cysts arising from the seminiferous tubules secondary to inflammatory scarring or congenital obstruction are filled with spermatozoa, proteinacous material, and white blood cells and referred to as a spermatocele.
Simple epididymal cysts and spermatoceles both appear as well-defined cystic structures located over the superior pole of the testicle and are often not possible to differentiate between. They most commonly demonstrate homogenous T1 low signal and T2 high signal and may contain internal septations ( Figure 5 ).
Urinary System
Ureterocele Ureteroceles are cystic dilatations of the distal intravesical ureter formed as a result of obstruction at the ureteral orifice [7] . Simple ureteroceles are located at the normal ureteral insertion into the bladder and are commonly congenital or secondary to an inflammatory stricture. Ectopic ureteroceles arise from an ectopic inferomedial ureteral insertion into the bladder and are associated with a duplex collecting system.
Ureteroceles appear as cystic dilatation of the distal ureter herniating into the bladder at the site of the ureteral orifice. On MRI, this appears as a well-defined T2-hyperintense cystic structure projecting into the bladder lumen ( Figure 6 ). The wall of the ureterocele should be thin and smooth. Any irregularity, spiculation, or thickening of the ureteric wall may represent a pseudoureterocele associated with infiltrating urinary tract neoplasms or inflammation from an obstructing lesion or stone.
Bladder Diverticula
Bladder diverticula are outpouchings of the urothelial mucosa and submucosa through the muscular layer of the bladder. They may be congenital in origin or acquired secondary to increased intravesical pressure from bladder outlet obstruction, such as from neurogenic bladder, prostatic hypertrophy, or posterior urethral valves [8] . Lack of a muscular wall results in urinary stasis and predisposes to infection and stone formation.
Bladder diverticula appear as simple T2 high signal outpouchings in continuity with the bladder wall. They can occur anywhere within the bladder but are most commonly found near the ureterovesical junction (Figure 7) . Communication with the bladder is not always easily apparent, and care must be taken to not confuse bladder diverticula with an everted ureterocele or periprostatic cystic lesion [3] .
Urinary Calculi
Urinary calculi are common in the prostate screening population with a male preponderance and peak age of onset at 40e70 years [9] . Approximately 20% of all urinary calculi are located in the ureter, with 60% of these found in the distal ureter and ureterovesical junction [10] . Bladder calculi are rarer, accounting for just 5% of all urinary calculi [11] . Risk factors include benign prostate hypertrophy, recurrent bladder infection, neurogenic bladder, and chronic indwelling bladder catheters.
Ureteral and bladder calculi appear as signal voids on all pulse sequences and are best visualized on T2-weighted imaging (Figure 8 ). The ureterovesical junction, an area of anatomic narrowing, is the most common location of ureteral stones and may cause upstream obstruction and hydronephrosis. Bladder calculi are found in the dependent locations within the bladder or contained in bladder diverticula. 
Bladder Carcinoma
Transitional cell carcinoma (TCC) represents up to 95% of bladder carcinoma, with squamous cell carcinoma and adenocarcinoma comprising the remainder of primary malignant bladder neoplasms. Peak incidence of TCC is in the 5th to 6th decades of life with a 4:1 male preponderance. Synchronous and metachonrous TCC are fairly common, and dedicated imaging of the kidneys and ureters, as well as appropriate interval follow-up imaging, is recommended [12] .
Bladder carcinoma demonstrates soft tissue signal characteristics, mildly hyperintense to the bladder wall, and best visualized as an intravesical filling defect on T2-weighted imaging (Figure 9 ). On T1-weighted imaging, bladder carcinoma appears as a lobular mass extending into the bladder lumen, isointense to the bladder wall. There is typically strong gadolinium enhancement, often earlier and more avid compared to the enhancement of the normal bladder wall. Malignant bladder masses classically demonstrate restricted diffusion on diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) maps.
Gastrointestinal System
Diverticulosis
Colonic diverticulosis is common in Western countries, with prevalence up to 50% in ages greater than 60 years in the United States and Europe [13] . In Western countries, leftsided disease is most common, while in Asia, right-sided disease dominates [13] . Acute uncomplicated diverticulitis is seen in 75% of cases; however complications such as perforation, abscesses, fistulas, and bowel obstruction may require urgent intervention.
Colonic diverticulosis appears as characteristic colonic, sac-like outpouchings, frequently affecting the sigmoid colon in left-sided disease (Figure 10 ). Acute diverticulitis is seldom seen incidentally in asymptomatic patients. However, colonic wall thickening, pericolic fat stranding, and fluid centered on colonic diverticuli would be highly suggestive of acute inflammation.
Perianal Fistula
Perianal fistulas describe the abnormal communication between the 2 epithelized surfaces of the anorectum and the perineal skin. They are associated with pelvic inflammation secondary to Crohn's disease, ulcerative colitis, pelvic inflammatory disease, tuberculosis, and diverticulitis. However, many perianal fistulas are idiopathic and may represent sequelae of chronic intersphincteric gland infection and abscess formation [14] .
Perianal fistulas appear as linear T2 hyperintense and T1 isointense signal (relative to skeletal muscle) communicating between the intersphincteric anal canal and perineum (Figure 11) , with varying degrees of complexity. Fat-suppression techniques often improve contrast and aid visualization. High signal on diffusionweighted and post-gadolinium sequences may also be helpful for detection and characterization of subtle fistulous disease.
Colorectal Cancer
Colorectal cancer is the third most commonly diagnosed cancer and third most common cause of cancer death in men worldwide [15] . Prostate and colorectal cancer share similar patient demographics and risk factors, including advancing age, ethnicity, diet, and obesity. Despite population colorectal screening programs, advanced colorectal cancer is common, with approximately 60% of new cases demonstrating regional or distant metastatic spread [16] .
Colorectal cancer varies from a focal asymmetry to circumferential wall thickening of the colorectum, typically low to intermediate in signal intensity (Figure 12 ). Colorectal cancer is best visualized on T2-weighted imaging to assess T-stage, mesorectal fascial involvement, and extramural vascular invasion. DWI sequences are also helpful to identify restricted diffusion from a colorectal mass and regional lymph nodes. Post-gadolinium sequences may demonstrate tumour and lymph node enhancement, but does not add diagnostic value [17] .
Intestinal GIST
Gastrointestinal stromal tumours (GISTs) are mesenchymal tumours of the gastrointestinal tract and arise from interstitial cells of Cajal. GISTs are most commonly found in the stomach (60%e70% of all GISTs), followed by the small bowel (20%e25%), colon (< 5%), and rarely extragastrointestinal within the mesentery, omentum, and retroperitoneum [18] .
Intestinal GISTs appear as well-circumscribed masses arising from the intestinal wall, most commonly demonstrating exophytic growth as opposed to endoluminal [19] . They are typically hypo to isointense to the normal intestinal wall on both T1 and T2-weighted imaging (Figure 13 ). Intratumoural necrosis, hemorrhage, and cystic change may result in heterogenous areas of signal intensity. GISTs demonstrate variable gadolinium enhancement, most frequently heterogenous and peripheral secondary to central necrosis [19] .
Musculoskeletal System
Bursitis Bursitis is the inflammation of small fluid-filled sacs lined with synovial membrane, which function to cushion and reduce friction between around joints. Bursitis is most commonly secondary to repetitive overuse resulting in bursal irritation and inflammation, but is also caused by acute trauma, inflammatory arthritis, or infection. Prominent hip bursae prone to pathology include the trochanteric, iliopsoas, obturator externus, and ischiogluteal bursa.
Normal hip bursae are collapsed and barely perceivable on MRI. Bursitis is characterized by distention of the bursa from increased production of synovial fluid. Aseptic bursitis demonstrates homogenous T2 hyperintensity and T1 isointensity to skeletal muscle ( Figure 14 ). Hemorrhagic bursitis may have variable signal characteristics depending on chronicity. Septic bursitis and septic arthritis are rarely seen in the asymptomatic patient and would demonstrate extensive joint space and bursal involvement with surrounding bone marrow and soft tissue edema.
Perineural Cysts
Perineural cysts, also referred as Tarlov cysts, represent focal dilatation of the arachnoid and dura mater of the posterior nerve root sheath. They are filled with CSF and contain nerve fibres found protruding through the neural foramina of the lower lumbar spine and sacrum. Frequently asymptomatic and incidentally found on imaging in greater than 85% of cases [20] , these do not require further imaging or workup.
On MRI, perineural cysts appear as well-circumscribed oval cystic structures arising from the neural foramina of the lower lumbar and sacral spine, with the levels of S2 and Figure 16 . Peripheral nerve sheath tumor involving the right sciatic nerve. (A) Axial T2-weighted imaging demonstrates a heterogenous T2 hyperintense structure (arrow) along the expected course of the right sciatic nerve between the right-sided pectineus (P) and gluteus maximus (G) muscles. Central round T2 low signal or fascicular sign, representing nerve fascicles and suggests a neurogenic origin. (B) Axial T1-weighted imaging shows the lesion appears isointense to normal skeletal muscle (arrow). S3 being the most common locations [20] . Communicating with the arachnoid space and filled with CSF internally, perineural cysts typically follow CSF signal characteristics and appear homogenously T2 hyperintense and T1 hypointense without gadolinium enhancement (Figure 15 ).
Peripheral Nerve Sheath Tumor
Peripheral nerve sheath tumors (PNST) describe both benign and malignant neoplasms arising from nerve sheaths of the peripheral nervous system. The majority of PNSTs are benign neurofibromas and schwannomas. Most PNSTs are sporadic; however, multiple lesions and malignant PNSTs are associated with neurofibromatosis type 1. Benign PNSTs are slow growing, with a very low risk of malignant transformation. MRI is used in monitoring; however differentiation between benign and malignant PNSTs remains challenging.
Incidental PNSTs appear as fusiform lesions arising from the lower lumbar and sacral nerve roots on MRI. They appear low-to-intermediate in T1 signal intensity and high in T2 signal intensity (Figure 16 ). An entering or exiting nerve is occasionally seen and consistent with a PNST. Centrally-located round or ring-like T2-hypointensity are believed to represent histological fascicular nerve bundlesdthe so-called fascicular sign [21] . Schwannomas tend to displace the parent nerve and appear eccentrically located. In contrast, neurofibromas tend to encase the parent nerve and appear more central [21] .
Osseous Metastases
Hematogenous spread of prostate cancer is found in up to 35% of patients with prostate cancer, most frequently metastasizing to bone in up to 90% of metastatic cases [22] . Prostatic osseous metastases are commonly found in the Figure 17 . Diffuse osseous metastatic disease involving the right iliac ala secondary to primary colon carcinoma. (A) Axial T1-weighted imaging shows diffuse loss of T1 signal of the right iliac bone (arrow) with pathological fracture of the right sacroiliac joint, extending into the right acetabulum (arrowhead). (B) Coronal T2-weighted imaging demonstrates patchy abnormal low T2 signal bone marrow signal within the right iliac bone (arrows). (C) Axial CT imaging in bone windows demonstrates diffuse sclerotic metastases to the right iliac bone with cortical destruction (arrow) and a sacroiliac joint pathological fracture (arrowhead). pelvis and lower lumbar spine secondary to hematogenous spread along the Batson venous plexus. Prostate cancer predominantly produces osteoblastic osseous metastases; however, up to 29% may be osteolytic or mixed [23] .
Replacement of normal bone marrow composed of T1 high signal fat in adults with metastatic cells results in abnormal low signal on T1-weighted imaging [24] . The appearance on T2-weighted imaging is variable, and osteoblastic lesions without associated bone marrow edema may appear T2 hypointense (Figure 17) . Pathological fracture is a common complication of an osseous metastases, secondary to abnormal trabeculation and weakened bone structure.
Conclusion
Incidental findings on prostate MRI range from common to rare and from clinically important to indolent. They may involve multiple systems within the imaged pelvis, including the urinary, reproductive, gastrointestinal, and musculoskeletal systems. Radiologists interpreting prostate MRIs need to be familiar with potential incidental findings in order to confirm benignity or report findings that may alter patient management.
